We present spectroscopic observations of GRB 091127 (z = 0.490) at the peak of the putative associated supernova SN 2009nz. Subtracting a late-time spectrum of the host galaxy, we isolate the contribution of SN 2009nz and uncover broad features typical of nearby GRB-SNe. This establishes unambiguously that GRB 091127 was accompanied by a broad-lined Type Ic SN, and links a cosmological long burst with a standard energy release (E γ,iso ≈ 1. was powered by a neutron star, or indicates that the nature of the central engine is encoded in the SN properties but not in the prompt emission. Future spectra of GRB-SNe at z 0.3, including proper subtraction of the host galaxy contribution, will shed light on the full dispersion of SN properties for standard long GRBs, on the relation between SNe associated with sub-energetic and standard GRBs, and on a potential dispersion in the associated SN types.
1. INTRODUCTION The association of long-duration gamma-ray bursts (GRBs) with Type Ic supernovae (SNe) provides the most direct evidence for massive stripped-envelope (Wolf-Rayet) stars as the progenitors of long GRBs (e.g., Woosley & Bloom 2006) . This connection was first intimated by the discovery of the unusually luminous and broad-lined Type Ic SN 1998bw (d = 40 Mpc) in spatial and temporal coincidence with GRB 980425 (Galama et al. 1998) . It was further supported by the detection of late-time photometric "bumps" in the optical light curves of several GRBs at z 1 that resembled the optical light curve of SN 1998bw (e.g., Bloom et al. 1999; Lazzati et al. 2001; Bloom et al. 2002; Soderberg et al. 2005 Soderberg et al. , 2006b ), although alternative explanations for these bumps have been proposed (Esin & Blandford 2000; Waxman & Draine 2000) . Subsequently, unambiguous spectroscopic identifications were obtained for four nearby GRBs: GRB 030329/SN 2003dh (z = 0.169; Hjorth et al. 2003; Stanek et al. 2003) , GRB 031203/SN 2003lw (z = 0.105; Malesani et al. 2004) , XRF 060218/SN 2006aj (z = 0.033; Modjaz et al. 2006; Pian et al. 2006) , and GRB 100316D/SN 2010bh (z = 0.059; Chornock et al. 2010 ). All four events are broad-lined Type Ic SNe, similar to SN 1998bw. However, only GRB 030329 is typical of the cosmological long GRB population in terms of its energy scale (Berger et al. 2003) , while the remaining three events are all sub-energetic in γ-rays, have no clear optical afterglows, exhibit only mildly relativistic velocities, and appear to be quasi-spherical (the so-called sub-energetic GRBs; Soderberg et al. 2004 Soderberg et al. , 2006a .
As a result, there is a clear impetus to obtain spectroscopic observations of GRB-SNe at z 0.3 to bolster the GRB-SN connection for the cosmological population, as well as to map the range of GRB-SN properties (i.e., velocity, kinetic energy, ejecta mass, 56 Ni mass), and to compare the properties of the SNe associated with standard and sub-energetic GRBs. The challenge of obtaining such spectroscopic observations is twofold. First, the associated SNe are faint, with a peak optical apparent brightness 8 of i AB ≈ 22.5 mag at z ∼ 0.5 and ≈ 24.5 mag at z ∼ 1. Second, at these redshifts the brightness of the SNe and the compact host galaxies 9 are similar, therefore requiring a careful subtraction of the host spectrum to robustly reveal and properly measure the SN features.
To date, spectroscopic observations timed to coincide with potential GRB-SNe at z ∼ 0.3 − 1 have been obtained in five cases. Della Valle et al. (2003) obtained a spectrum of GRB 021211 (z = 1.006) during the peak of an associated bump (designated SN 2002lt). The putative SN and host galaxy had a comparable brightness of R ≈ 25.2 mag, but the host contribution was not subtracted from the spectrum, which appears to exhibit a broad minimum interpreted as Ca II H&K blue-shifted by about 15, 000 km s −1 . Della Valle et al. (2003) claim a close match with the normal Type Ic SN 1994I, but a poor match with SN 1998bw; however, inspection of their Figure 2 shows that the peculiar Type Ia SN 1991bg is an equally good match to the noisy spectrum of the putative SN 2002lt. Garnavich et al. (2003) obtained a spectrum of GRB 011121 (z = 0.362) coincident with the peak of an associated bump (designated SN 2001ke) when the optical brightness 10 was R ≈ 23 mag. Unlike SN 1998bw, the resulting spectrum is flat at λ rest 5100 Å, which Garnavich et al. (2003) claim as evidence for a Type IIn event. However, the large, and uncertain, extinction along this line-of-sight may influence this result. A spectrum of XRF 020903 (z = 0.251) was obtained by Soderberg et al. (2005) during a late flattening in the light curve. After subtraction of a model starburst galaxy template, the residual spectrum exhibits an overall shape similar to SN 1998bw. Della Valle et al. (2006) obtained a spectrum of GRB 050525A (z = 0.606) about 2 weeks after the peak of the associated bump (designated SN 2005nc), with equal contribution from the putative SN and host galaxy (each with R ≈ 25.2 mag). After subtraction of a model host spectrum, the residual spectrum exhibits a broad bump at λ rest ≈ 5100 Å, with a decline at longer wavelengths, broadly resembling the spectrum of SN 1998bw. Sparre et al. (2011) obtained spectra of GRB 101219B (z = 0.552 based on weak Mg II absorption) about 16 and 37 d after the burst and find broad undulations that resemble SN 1998bw and distinct from an earlier featureless spectrum. They do not directly account for the spectral shape of the host galaxy, assuming instead a flat spectrum 11 . In none of the 5 cases was an attempt made to extract any SN properties beyond addressing whether or not they resembled SN 1998bw.
Here we present spectroscopic observations of GRB 091127 at z = 0.490, timed to coinciding with the peak of a photometric bump designated SN 2009nz (Cobb et al. 2010) . The bump light curve resembles SN 1998bw, albeit dimmer by about 0.1 mag and with a somewhat earlier peak and narrower light curve; it is brighter than SN 2006aj by about 0.25 mag, with a later peak and broader light curve (Cobb et al. 2010) . At the peak of the bump, the SN brightness is I ≈ 22.3 mag, the afterglow is estimated to be I ≈ 24.2 mag, and the host galaxy has I ≈ 22.5 mag (i.e., the relative contributions are about 50%, 8%, and 42%, respectively). Thus, as in the previous cases of z 0.3 bumps, the host and putative supernova contribute a similar amount of flux, thereby requiring a careful subtraction of the host galaxy spectrum. Here we undertake this procedure using a spectrum of the host galaxy obtained about 1 yr after the burst ( §2). Subtraction of the host contribution cleanly isolates the SN spectrum and reveals broad undulations that clearly resemble previous GRB-SNe, in particular SN 2006aj and potentially SN 2003dh, but with narrower features than SN 1998bw and SN 2010bh ( §3) . This result demonstrates that the photometric bump is indeed a SN, and allows us to extract the explosion properties of SN 2009nz ( §3). We compare these properties to the well-studied nearby GRB-SNe to explore the dispersion of SN properties for standard and sub-energetic GRBs ( §4).
2. SPECTROSCOPIC OBSERVATIONS 2.1. "Bump" Spectrum We observed GRB 091127 (z = 0.490; Cucchiara et al. 2009 ) with the Gemini Multi-Object Spectrograph (GMOS) on the Gemini-North 8-m telescope (program GN-2009B-Q-28, PI: Fox) on 2009 December 22.27 UT. The spectrum was timed to coincide with the peak of an associated SN 1998bw-like event at z = 0.490. Two dithered 900 s exposure pairs were obtained with the R400 grating at central wavelengths of 8000 and 8050 Å in 0.65 ′′ seeing. The resulting combined spectrum covers 5900 − 9500 Å at a resolution of about 7 Å. An OG515 order-blocking filter was used to prevent secondorder contamination in the red part of the spectrum.
The spectra were reduced, combined, and extracted using standard procedures in IRAF, while flux calibration and correction for telluric absorption were performed using custom IDL routines with archival observations of the standard stars BD+28 4211 and Feige 34. The mean airmass of the observation was 1.3 and the 1 ′′ slit was aligned at the parallactic angle, so the relative spectral shape is reliable. We determine the overall flux scale of the spectrum by integrating over the r-band filter response function and comparing to photometry of the target in the GMOS r-band acquisition image within the same aperture size (r = 22.66 ± 0.06 mag calibrated relative to follow up observations from Magellan -see §2.2).
Host Galaxy Spectrum
Spectroscopic and photometric observations of the host galaxy of GRB 091127 were obtained with the Inamori Magellan Areal Camera and Spectrograph (IMACS) mounted on the Magellan/Baade 6.5-m telescope on the nights of 2010 November 13 and 14 UT. We obtained two 2400 s exposures with the 200 l/mm grism using a 0.9 ′′ slit and a 4950 Å order blocking filter to avoid second-order contamination in the red part of the spectrum. The seeing during the observations was 0.6 ′′ , well-matched to the conditions of the GMOS spectrum. The spectra were processed using standard procedures in IRAF, and the wavelength calibration was performed using HeNeAr arc lamps. The resulting wavelength coverage is 5000 − 9400 Å, with a resolution of about 4.7 Å. Flux calibration was performed using observations of the spectrophotometric standard star Feige 110. We confirmed the overall flux calibration and shape by integrating the spectrum over the r-and i-band filter response functions (r ≈ 23.5 mag, i ≈ 23.3 mag) compared to photometric measurements of the host within the same aperture size (r ≈ 23.5 mag, i ≈ 23.2 mag).
The photometric observations were obtained in the griz filters. The data were processed using standard procedures in IRAF, and photometric calibration was performed using observations of the southern standard star field E3A. The resulting flux measurements (in a 1.5 ′′ radius aperture) are provided in Table 1 . We note that our i-band measurement is in excellent agreement with the I-band host flux given in Cobb et al. (2010) .
THE SPECTRUM OF SN 2009NZ AND A COMPARISON TO NEARBY GRB-SNE
The spectra at the peak of the photometric bump and of the host galaxy alone are shown in Figure 1 . The bump spectrum (supernova+host) exhibits broad undulations with a peak at λ rest ≈ 5300 Å, and a possible second peak at λ rest ≈ 4500 Å. These features are reminiscent of previous GRB-SNe, but it is critical to ensure that they do not result from host galaxy contamination, since the host contributes about half of the total flux. To remove any possible contamination, and to cleanly isolate the SN features, we subtract the host spectrum from the bump spectrum and find that the features are robustly detected. The isolated spectrum of the transient exhibits three absorption troughs centered at rest wavelengths of about 4200, 4750, and 6000 Å, closely matching the spectra of nearby GRB-SNe. The 4200 and 4750 Å features are generally identified as blends of Fe II/Ti II and Fe II/Fe III, respectively, while the 6000 Å feature is identified as Si IIλ6355. We confirmed these results by subtracting a scaled blue galaxy template spectrum obtained from the Sloan Digital Sky Survey cross-correlation library 12 (Figure 1 ). The galaxy spectral shape is essentially identical to our measurements, and the resulting isolated SN spectrum reveals the same features detected in the subtraction relative to the Magellan host spectrum. In the analysis below we use the SN spectrum from the actual host subtraction, but note that the results are unchanged for the spectrum from template subtraction.
We compare our SN 2009nz spectrum at δt rest = 16.3 d (corresponding to ≈ 1.5 d past maximum light; Cobb et al. 2010) to the spectra of the nearby GRB-SNe 1998bw, 2003dh, 2006aj , and 2010bh on a similar timescale (Figure 2) . Overall, the spectrum of SN 2009nz is remarkably similar to the nearby GRB-SNe, exhibiting the same broad features that are a hallmark of large expansion velocities. This unambiguously identifies the photometric bump associated with GRB 091127 as a supernova, and demonstrates that SN 2009nz is also a broad-lined event, likely 13 of Type Ic. We do not find a prominent He Iλ5876 absorption feature as expected for a Type Ib SN. Finally, a comparison to the normal Type Ic SN 1994I and the normal Type Ib SN 1998dt reveals a poor match due to their significantly narrower features.
Among the sample of nearby GRB-SNe the best overall match to SN 2009nz is provided by SN 2006aj, in terms of both the location of the absorption minima and the width of the features (Figure 2 ). SN 2003dh also provides a reasonable match, but SNe 1998bw and 2010bh have significantly broader features indicative of larger expansion velocities. We estimate the photospheric velocity using the location of the Si IIλ6355 absorption feature (Figure 3) . We find that the for SN 2009nz the minimum is located at λ rest ≈ 6000 Å (with an uncertainty of about 50 Å), corresponding to a velocity of about v ph ≈ 17, 000 km s −1 (with an uncertainty of about 2500 km s −1 ). A comparison to the inferred Si IIλ6355 velocities of the previous GRB-SNe (Chornock et al. 2010 ) indeed indicates a similar velocity to SN 2006aj (≈ 19, 000 km s −1 ), and lower velocity than SN 1998bw (≈ 24, 000 km s −1 ) and SN 2010bh (≈ 25, 000 km s −1 ). Using the photospheric velocity from our spectrum, along with the peak brightness (M V ) and width of the photometric light curve (parametrized as ∆m 15 ), we can determine the ba-12 http://www.sdss.org/dr7/algorithms/spectemplates/ 13 Although our spectrum does not cover Hα, we do not see an obvious feature corresponding to Hβ at an expected blue-shift of ∼ 10, 000 − 30, 000 km s −1 . Furthermore, the overall similarity to the nearby well-studied GRB-SNe, which are all of Type Ic, suggests that SN 2009nz shares this designation. K,51 ≈ 1.0 (here M ej,⊙ is the ejecta mass in units of solar masses and E K,51 is the kinetic energy in units of 10 51 erg). From our inferred velocity we also find E K,51 /M ej,⊙ ≈ 1.7, and therefore E K,51 ≈ 2.3 and M ej,⊙ ≈ 1.4. As with the overall shape of the spectrum, the inferred explosions properties of SN 2009nz most closely resemble those of SN 2006aj, for which Mazzali et al. (2006a) estimated M Ni,⊙ ≈ 0.2, E K,51 ≈ 2, and M ej,⊙ ≈ 2. On the other hand, they are significantly lower than for SNe 1998bw and 2003lw; see Table 2 and Figure 4 . The maximal values of the explosion properties given the uncertainties in M V , ∆m 15 , and v ej are: M Ni,⊙ ≈ 0.6, E K,51 ≈ 8.4 and M ej,⊙ ≈ 3.5.
DISCUSSION AND CONCLUSIONS
We presented a spectrum of the photometric bump (designated SN 2009nz) associated with the standard cosmological GRB 091127, and unambiguously demonstrated that it is a broad-lined SN, similar to the Type Ic SNe associated with nearby GRBs. The best match over the wavelength range of our spectrum (λ rest ≈ 4000 − 6300 Å) is provided by SN 2006aj; SNe 1998bw and 2010bh, on the other hand, exhibit broader features indicative of larger expansion velocities. Identifying the absorption feature centered at 6000 Å with Si IIλ6355, we infer a photospheric velocity about 17, 000 km s These results demonstrate that beyond the basic need to spectroscopically confirm photometric bumps as supernovae, spectroscopy of GRB-SNe at z 0.3 provides two key measurements. First, the spectra allow us to determine the SN type. To date, all the nearby well-studied GRBSNe have been classified as broad-lined Type Ic events. At z 0.3 there are claims for a normal Type Ic event (GRB 021211/SN 2002lt; Della Valle et al. 2003 ) and a Type IIn event (GRB 011121/SN 2001ke; Garnavich et al. 2003) . However, both of these claims are problematic: SN 2002lt equally resembles the peculiar Type Ia SN 1991bg, while SN 2001ke suffers from large, and uncertain, extinction leading to an uncertain spectral shape. In addition, in neither case was the host contribution accounted for, leading to possible contamination of the spectra. The remaining three events at z 0.3 with spectroscopic observations (XRF 020903, GRB 050525A, and GRB 101219B) broadly resemble SN 1998bw (Soderberg et al. 2005; Della Valle et al. 2006; Sparre et al. 2011 ), but no attempt has been made to extract their physical properties. Here, we find that SN 2009nz is also a broad-lined event, but for the first time have a sufficiently large comparison sample to demonstrate a closer similarity to SN 2006aj than to the canonical SN 1998bw. Second, the spectra allow us to measure the photospheric velocity and, along with the light curve properties, to infer the basic explosion parameters (the light curve by itself only provides a ratio of the kinetic energy and ejecta mass). Thus, spectroscopy provides deeper insight into the physical properties of GRB-SNe than light curves alone. Here, for the first time, we measured the expansion velocity and explosion properties of a GRB-SN at z 0.2. Using these measurements we find that SN 2009nz follows the overall trend of lower M Ni for events with lower E K and M ej seen in the nearby GRB-SNe (Figure 4) .
In the same vein, the similarity in spectral and explosion properties of SN 2009nz and SN 2006aj is instructive in light of the differences between the prompt emission properties of GRB 091127 and XRF 060218. The former is a typical cosmological GRB with E γ,iso ≈ 1.1 × 10 52 erg, a duration of T 90 ≈ 9 s, and a rest-frame E p ≈ 25 keV (Wilson-Hodge & Preece 2009), while the latter is an X-ray flash with E γ,iso ≈ 6.2 × 10 49 erg, a duration of T 90 ≈ 2100 s, and a rest-frame E p ≈ 5 keV (Campana et al. 2006 ). These differences provide evidence for a lack of correlation between the prompt emission and associated SN properties. Moreover, Mazzali et al. (2006a) suggested that XRF 060218/SN 2006aj was powered by a neutron star instead of a black hole based on the lower ejecta mass and kinetic energy compared to SNe 1998bw, 2003dh, and 2003lw, as well as the low energy of the prompt emission. However, GRB 091127 is typical of the cosmological GRB population, which is thought to be powered by black holes (MacFadyen & Woosley 1999) , and yet its associated SN 2009nz shares the properties of SN 2006aj. This either casts doubt on the idea that the properties of SN 2006aj (or of GRB-SNe in general) require a neutron star central engine, or alternatively suggests that standard GRBs can be powered by either neutron stars or black holes, but with no clear imprint on the prompt emission properties.
From an observational point of view, we stress that while the broad SN features are identifiable in the bump (supernova+host) spectrum of SN 2009nz, subtraction of the host spectrum provides a more reliable and robust identification of the SN features. Accounting for the host contribution in GRB-SN spectra at z 0.3 is critical since in all cases to date the host galaxy contributes about half of the observed flux 15 . None of the studies published to date accounted for the actual host spectrum, either neglecting its contribution altogether (GRB 021211: Della Valle et al. 2003; GRB 011121: Garnavich et al. 2003) , assuming a template blue galaxy spectrum (GRB 050525A: Della Valle et al. 2006; XRF 020903: Soderberg et al. 2005) , or assuming a flat spectrum (GRB 101219B: Sparre et al. 2011) . In this study we find that either an actual spectrum of the host or an appropriate template matched to the host colors should be subtracted. We end by noting that the small sample of GRB-SNe with detailed spectroscopic observations already reveals a wide dispersion in explosion properties, with about a factor of 30 in E K , a factor of 15 in M ej , and a factor of 7 in M Ni (Table 2 and Figure 4 ). This also seems to be the case for the two events associated with standard GRBs -GRB 030329/SN 2003dh and GRB 091127/SN 2009nz. The wide dispersion contradicts earlier claims for a narrow range of GRB-SN properties, mainly their kinetic energies (Kaneko et al. 2007 ). Clearly, a larger number of events is required to fully sample the range of explosion parameters, to evaluate whether there really exists a dispersion in GRB-SN types, and to investigate any correlations with the GRB properties or differences between the SNe associated with sub-energetic and standard GRBs. Such a study requires a concerted effort to determine the afterglow properties from broad-band modeling, to measure the SN light curves, and to obtain spectra of the bumps and host galaxies. With a Swift detection rate of 2 − 3 z ∼ 0.5 GRBs per year such a concerted effort is both desirable and achievable. E.B. acknowledges partial support from Swift AO6 grant NNX10AI24G. Based in part on observations obtained at the Gemini Observatory, which is operated by the Association of Universities for Research in Astronomy, Inc., under a cooperative agreement with the NSF on behalf of the Gemini partnership: the National Science Foundation (United States), the Science and Technology Facilities Council (United Kingdom), the National Research Council (Canada), CONICYT (Chile), the Australian Research Council (Australia), Ministério da Ciência e Tecnologia (Brazil) and Ministerio de Ciencia, Tecnología e Innovación Productiva (Argentina). This paper includes data gathered with the 6.5 meter Magellan Telescopes located at Las Campanas Observatory, Chile. (Schlegel et al. 1998) . Cobb et al. 2010 ) is shown as a thick black line. The undulations typical of a broad-lined GRB-SN are clearly seen, with prominent absorption features at λrest ≈ 4200, 4750, and 6000 Å. We also perform a subtraction relative to a template blue galaxy spectrum from the SDSS (cyan; emission lines clipped), and find that the resulting SN spectrum (gray) is nearly identical to the spectrum from actual host subtraction.
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